Résume -On présente un calcul numérique de la structure des joints de torsions dans un métal c.f.c. Pour des désorientations voisines de l'orientation d'une macle Z = 3 une structure caractéristique, composée d'une étoile à six points, est trouvée. Cette structure a été également observée en microscopie électronique à transmission dans des lames minces d'or.
Dislocation networks in near-coherent twin boundaries in Au have recently been studied in TEM /1,2/. The most stable network in twin boundaries appears to be in the form of a six-star pattern, consisting of three parallel sets of Shockley partial dislocations with associated steps in the boundary. Fig. 1 shows an example of such a pattern, imaged under such a condition that the different segments of the six-star lying on adjacent (111) planes are clearly shown by a different contrast. In an effort to reproduce these patterns in a computer-simulation study, we have recently investigated the atomic configurations in (111) twist boundaries close to the twin misorientation, the results of which are described below.
Method of computation
The method of calculating the atomic positions in a twist boundary in f.c.c. metals has been described elsewhere /3/. Briefly, the simulated bicrystal consists of a block of atoms made up of 12 (111) lattice planes. Different starting configurations for the atoms in a given coincidence orientation can be employed; relaxation occurs under the influence of pair-wise forces which the atoms exert on each other as a result of the assumed interaction potential. Various potentials appropriate for Al have been employed in this investigation. Fixed boundary conditions were applied in the z-direction (perpendicular to the boundary), whereas periodic boundary conditions were used in directions perpendicular to z. The (111) planes are hereafter indicated by z = 1,2,...12.
Results
In the computations described above, various initial configurations were investigated. If the starting configuration was chosen to be the exact coincidence configuration, the final atomic configuration after relaxation was found to be very much similar to the initial configuration. The small differences, as well as differences due to the choice of different interatomic potentials, could be demonstrated most clearly in a plot of the Fourier transform /3/. Fig. 2 shows an example for the configuration of the I = 91 twist boundary. A rigid translation of one crystal with respect to the other in the starting configuration may lead to a somewhat different final structure. However, in all of these relaxed atomic configurations the distance between some atoms in the lattice planes adjacent to the boundary is smaller than the nearest neighbour distance in a f.c. aly3 against alJ2 for the n.n. distance where a = lattice parameter). Consequently these atoms produce a large contribution to the grain boundary energy.
In order to avoid the close approach of atom pairs in the boundary a different procedure has been adopted, in which displacement of atoms in the close-packed (Ill) planes is more easily obtained during the relaxation process. To this end lattice plane z = 6 has been divided into two parts, belonging to the upper and lowercrystal respectively, in such a way that no two atoms on different (111) planes are too close to each other in the initial configuration. Also the initial density of plane z = 6 was taken to be the same as the density of the other (111) planes. After relaxation structures different from those of fig. 2 were found, which did not contain atoms approaching each other too closely. Fig. 3 shows that one structure obtained for C =. 91 (with a 6O deviation from the twin orientation) closely resembles the six-star pattern found experimentally for a much smaller deviation ( fig. 1 ) . In fig. 3 the atomic configurations of planes 5 and 6 have been projected along the z axis (the boundary was initially situated at plane z = 6). The dashed lines in fig. 3 represent dislocation segments lying between planes 6 and 7. It should be noted that it is difficult to determine the exact location of the dislocation cores in fig. 3 . The stacking sequence of (111) planes in a crosssection along P P3 in fig. 3 is illustrated in fig. 4 , where the symbols I and I1 represent the ABc.. . and CBA.. . stacking sequence of the (I 11) planes. It is seen from fig. 4 that the boundary plane has a stepped character; note that the double step occurs at the corner of the dashed triangle in fig. 3 , in agreement with the experimentally observed structure of the network.
The six-star pattern shown in fig. 3 has been found for a number of coincidence orientations in the neighbourhood of the twin orientation, including X = 61 (52.66') and Z = 37 (50.57~). It did not seem possible to generate a six-star like configuration for deviations larger than 9.4' from the 6 0 ' misorientation.
However, a number of comments concerning the results described above should be made. First of all, the six-star pattern configurations found for different coincidence twist boundaries in general represent metastable configurations. The relative stability of different configurations for a given boundary depends on the interatomic potential. For some potentials a metastable configuration different from the six-star pattern is found for deviations less than 9.4O. The structures obtained so far for different coincidence orientations and interatomic potentials are summarized in table 1. Apart from the six-star pattern, two alternative structures are given in table 1, indicated as triangular and hexagonal. A triangular structure is depicted in fig. 2 , whereas a hexagonal pattern is shown in fig. 5 . The detailed structure of the latter pattern is not entirely clear at present; it may be described in terms of two hexagons shifted with respect to each other along line segments with Burgers vectors of the type i<lTO> . fig. 2) should be energetically unfavourable because of the close approach of atom pairs. However, this is obviously not the only factor, as for some cases in table 1 the triangular structure has the lower energy.
Conclusions
In a numerical relaxation procedure for the structure of (111) twist boundaries a characteristic six-star pattern has been found for orientations in the neighbourhood of the twin orientation. This is in agreement with TEM experiments on near-coherent twin boundaries. However, this configuration is in general a metastable configuration. Different metastable structures may be generated, depending on the exact initial configuration of the system and the interatomic potential employed.
